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INTRODUCTION 


This  report  covers  so  experiment  to  eveiuate  the  mechanics  of  RTV 
silicone  rubber  products  under  conditions  of  small  strain  coupled  with  a  high 
hydrostatic  component  of  stress.  This  condition  gives  a  deviator ic  stress 
component  which  is  small  relative  to  the  total  stress  which  may  produce 
certain  computational  difficulties.  A  conventional  uniaxial  compression  or 
tension  experiment  will  yield  a  value  of  Poisson*  s  ratio  of  nearly  0. 5  and  a 
Young's  modulus  of  about  1000  psi.  In  this  work  a  cylindrical  compression 
test  specimen  was  restrained  by  a  steel  tube  to  limit  radial  deformation.  The 
tube  was  then  instrumented  to  measure  the  radial  stresses  and  strains.  The 
average  axial  stress  and  strain  were  derived  from  the  testing  machine  load  and 
crosshead  movement.  When  this  data  was  reduced,  the  Poisson's  ratio  was  in 
the  range  of  0.48  to  0.49  and  Young's  modulus  was  in  the  range  of  13,000  to 
21,000.  These  very  high  modulus  values  were  not  expected  and  they  do  not  seem 
to  correlate  with  shore  'A'  hardness  values. 

TEST  PROCEDURE 

The  test  fixture  is  shown  in  Figure  1.  It  is  a  steel  cylinder  of  wall 
ratio  1.1  with  steel  end  closures.  The  load  was  applied  in  a  120,000  pound 
universal  testing  machine  set  up  as  a  compression  test  device.  The  data 
recorded  was: 

1.  Total  load. 

2.  Crosshead  movement. 

3.  Circumferential  strain  on  the  exterior  of  the  cylinder. 

4.  Axial  strain  on  the  exterior  of  the  cylinder. 
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The  first  three  date  ltus  were  used  to  calculate  the  Young's  modulus  and 
Poisson's  ratio  of  the  11TV  u.iicg  a  strength  of  materials  approach.  The  last 
item  was  used  to  check  assvmed  condition  of  aero  friction  between  the  steel 
cylinder  and  the  RTV  sample. 

DATA  REDUCTION 

A  computer  program  was  written  In  Fortran  77  to  reduce  the  experimental 
data.  This  program  performed  all  required  data  reduction  and  checking 
calculations.  A  list  of  these  functions  is: 

1.  The  zero  point  correction. 

2.  Calculate  axial  strain  in  the  RTV. 

3.  Calculate  radial  strain  in  the  RTV. 

4.  Calculate  axial  atress  in  the  RTV. 

5.  Calculate  radial  stress  in  the  RTV. 

6.  Calculate  Young's  modulus  of  the  RTV. 

7.  Calculate  Poisson's  ratio  of  the  RTV. 

8.  Calculate  bulk  modulus  of  the  RTV. 

9.  Calculate  shear  modulus  of  the  RTV. 

10.  Check  the  t jst  conditions. 

11.  Print  out  the  results. 

CALIBRATION 

Two  calibrations  were  performed.  First,  a  simple  experiment  was 
performed  to  determine  Young's  modulus  for  the  steel  cylinders  so  that 
cylinder  calculations  could  be  performed  using  standard  Lame'  thick-walled 
equavl  ’ie  for  an  open-end  cylinder.  After  the  four  silicone  samples  were 
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tested ,  e  hydraulic  pressure  was  applied  to  each  of  the  two  test  cylinders; 
and  the  recorded  strains  were  entered  Into  the  data  reduction  program  as  a 
final  check  on  the  assumed  properties  of  the  cylinder. 

A  second  check  on  the  test  was  performed  by  running  a  finite  element 
stress  analysis  on  the  test  fixture  using  a  typical  set  of  data  from  the 
experiment.  Sample  experimental  data  was  extracted  from  the  finite  element 
results  and  entered  into  the  data  reduction  program.  This  was  done  for 
assuned  silicone-steel  friction  coefficients  of  0.0,  0.1,  and  0.2.  Xt  was 
shown  that  the  assumption  of  aero  friction  was  justified  and  a  coefficient  of 
0.1  would  produce  a  very  large  error  in  the  results. 

SAMPLE  PREPARATION 

The  test  was  performed  on  four  samples  of  RTV  silicone  rubber  supplied  by 
the  General  Electric  Silicone  Products  Division  in  Uaterford,  NY.  The 
material  was  hand  mixed  in  600  to  800  gram  batches,  vacuumed,  degassed,  and 
cast  directly  into  one  of  the  two  test  cylinders.  A  ratio  of  ten  to  one  by 
weight  of  parts  'A'  and  'B'  was  carefully  used.  The  four  samples  are  defined 
In  Table  I. 
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TABLE  I.  SILICONE  RUBBER  MECHANICAL  PROPERTIES  (CLOSED  VOLUME) 
Sample  Definition  of  the  Material 


I 

Type 

Color 

Shore 

*A‘ 

Cure 

Specific 

Gravity 

Mass 

1 

RTV-660 

White 

38 

R.T. 

1.15 

1538 

2 

RTV-664 

Blue- 

Grey 

52 

R.T. 

1.25 

1698 

3 

RTV-664 

Blue 

58 

160*F 

6  hrs. 

1.25 

1668 

4 

RTV-680 

Beige 

69 

160*F 

6  hrs. 

1.49 

1936 

RESULTS 

Figures  2  and  3  show  the  basic  results  that  were  desired.  For  a  further 
check,  the  bulk  modulus  and  shear  modulus  were  calculated  from  the  two  basic 
properties.  These  results  are  shown  in  Figures  4  and  5.  There  were  several 
other  more  subjective  observations  which  should  be  noted. 

One  early  observation  was  that  by  casting  the  samples  in  the  test 
cylinders,  an  excellent  fit  was  obtained  due  to  the  small  shrinkage  during 
curing.  This  was  best  displayed  by  the  RTV-660  sample  which  had  to  be  cooled 
in  a  storage  freezer  before  it  could  be  removed.  The  rest  could  be  carefully 
slid  in  or  out  of  the  cylinder.  This  demonstrated  a  small  gap  between  the 
silicone  and  the  steel  cylinder  which  would  have  to  be  closed  before  any 
radial  contact  could  be  achieved.  This  effect,  added  to  a  poor  experimental 
sensitivity,  produced  a  large  scatter  in  the  data  at  low  pressures. 
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Another  observation  was  the  degree  of  extrusion  or  cutting  of  the  saaple 
at  the  joint  between  the  steel  tube  and  the  end  caps.  This  effect  Halted  the 
test  load  on  the  RTV-660  saaple  to  a  low  value  and  established  the  aaxlaua 
load  for  the  other  saaplea.  The  RTV-680  ssaple  showed  no  daaage  due  to  this 
problem.  However,  In  no  case  was  any  large  daaage  allowed. 

After  the  test  was  coapleted,  two  of  the  saaples  were  split  In  half 
lengthwise  to  Inspect  for  casting  defects.  Ms  saw  only  sons  minor  color 
variations  which  Nera  also  visible  on  the  exterior  of  the  epeclaena.  This 
verified  the  quality  of  the  caating  procedure  which  is  regularly  used  at  G.E. 
Silicone  Products. 

One  detail  seeas  to  have  produced  aoae  Intereating  results,  although  it 
did  not  seea  to  be  laportant  at  the  tlae.  The  first  664  ssaple  was  cast  froa 
several  one  pound  kits  which  were  about  two  years  old.  The  second  (nunber  3) 
saaple  was  prepared  froa  a  fresh  55  pound  can.  The  difference  was  in  the  'B' 
part  of  the  nix  which  was  the  smaller  quantity*  In  the  older  aaterlal  the 
plgaent  had  settled  out  and  was  very  difficult  to  realx  (in  the  small  0.09 
pound  bottle),  so  a  small  quantity  of  fresh  aaterlal  was  used  to  aake  up  the 
ten  to  one  alx  ratio.  In  this  case  soae  of  the  weight  of  plgaent  was  replaced 
by  reagent  chemicals .  This  produced  aore  cross-linking  of  the  basic  polyaer 
than  would  occur  In  an  accurately  mixed  aaterlal.  The  extra  cross-1 inking  of 
the  polyaer  produced  an  Increase  in  Young's  modulus  and  a  decrease  In 
Poisson's  ratio.  Also  noted  In  the  first  saaple  was  a  change  In  the  plgaent 
content  as  evidenced  by  the  slight  difference  in  color  when  the  white  'A'  part 
was  mixed  with  the  dark  blue  'B'  part.  To  help  clarify  this  point,  the 
plgaent  serves  two  purposes.  First,  it  aids  the  evaluation  of  the  aixing 
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process,  and  second,  It  helps  preserve  e  ten  to  one  mixing  retlo  (or  many 
compounds . 

DISCUSSION 

The  first  point  that  should  be  noted  is  that  there  la  little  correlation 
between  shore  'A'  hardness  end  either  Young's  modulus  or  shear  modulus  which 
are  closely  related.  However,  there  Is  e  correlation  between  shore  hardness 
and  bulk  modulus.  This  should  be  expected  because  this  type  of  hardness  test 
is  essentially  a  compression  test  in  a  closed  volume.  Add  to  this  the 
nonlinear  relation  between  bulk  modulus  (B),  Young's  modulus  (B) ,  and 
Poisson's  ratio  (HU). 

B 

B  -  - -  (1) 

3(1.0  -  2.0  MJ) 

In  this  case  a  small  change  In  Poisson's  ratio  can  make  a  large  change  in  bulk 
uodulua  as  Poisson's  ratio  approaches  0.5.  This  is  the  dominant  effect.  The 
RTV-664  sample  made  from  older  material  had  more  cross-linking  which  produced 
a  larger  Young's  modulus  end  a  smaller  Poisson's  ratio,  which  coablned  to 
produce  a  smaller  bulk  modulus  and  consequently  a  small  hardness  value.  This 
brings  up  an  old  question.  Whet  do  'hardness'  tests  actually  measure? 

Summary  of  Important  points; 

1.  The  Young's  modulus  had  a  very  high  value. 

2.  The  two  RTV-664  samples  yielded  rather  different  results, 

3.  The  bulk  modulus  results  seem  to  be  reasonable. 

A.  The  RTV-660  test  was  cut  off  at  a  lower  load  because  of  extrusion 
around  the  end  caps. 
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5.  TWo  aaaplaa  vara  cut  in  half  to  chack  for  interior  voida  and  no 
vialbla  onaa  vara  found. 

6.  Tha  aaaplaa  vara  all  ranovad  froa  the  tast  in  ona  place.  However , 
the  RTV-660  ample  had  to  be  chilled  to  about  0*F. 

7.  The  data  under  1000  pal  preaaure  uae  not  reliable  becauae  of  poor 
aanaltivity  of  tha  atraln  aaaauraaent. 

8.  The  difference  between  the  two  RTV-664  aaaplaa  waa  rulated  to  the  age 
of  the  aaterlal  which  case  froa  two  different  lota  about  two  yeara 
apart  In  aanufacture. 

9.  The  ahore  'A*  hardneaa  correlatea  with  bulk  aodulue. 

10.  Young' a  nodulua  and  Polaaon'a  ratio  are  Independent  propertlea. 

11.  There  may  be  a  difference  In  the  croae-*l Inking  of  the  two  RTV-664 
saaplea. 

12.  The  difference  In  color  between  the  two  RTV-664  aaaplea  waa  created 
by  aettling  out  of  the  dark  blue  pigaent  in  the  'B'  component  of  the 
older  aaterlal.  In  this  caae  aoae  never  part  'B'  waa  added  to  Bake 
up  the  correct  weight. 

13.  The  RTV-680  waa  not  in  production  at  the  tlae  of  the  teat,  eo  a  aaall 
custoa  lot  vaa  nade  for  our  purpoaea. 

14.  It  la  logical  that  increaaed  croaa-llnklng  would  produce  a  higher 
Young* a  modulus  and  lower  Polaaon'a  ratio,  but  why  would  this  reault 
in  a  lover  bulk  modulus  and  ahore  hardneaa? 
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CONCLUSION 


Th«  mechanical  properties  of  rubber  Ilka  materials  derived  f roa 
conventional  tensile  or  compression  tests  can  yield  misleading  results  when  e 
high  pressure  component  of  stress  Is  present*  This  problem  must  be  solved 
using  special  materiel  properties  or  other  constitutive  relations. 
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ARMAMENT  RESEARCH  &  DEV  CTR 
US  ARMY  AMCCOM  1 

ATTN:  DRSMC-TSB-S  (STINFO) 

ABERDEEN  PROVING  GROUND,  »  21005 

MATERIEL  SYSTEMS  ANALYSIS  ACTV 

ATTN:  DRSXY-MP  1 

ABERDEEN  PROVING  GROUND,  M>  21005 


NO.  OF 
COPIES 

COMMANDER 
US  ARMY  AMCCOM 

ATTN:  DRSMC-LEP-L(R)  1 

ROCK  ISLAND,  IL  61299 

COMMANDER 

ROCK  ISLAND  ARSENAL 

ATTN:  SMCRI-ENM  (MAT  SCI  DIV)  1 

ROCK  ISLAND,  IL  61299 

DIRECTOR 

US  ARMY  INDUSTRIAL  BASE  ENG  ACTV 
ATTN:  DRXIB-M  1 

ROCK  ISLAND,  IL  61299 

COMMANDER 

US  ARMY  TANK-AUTMV  R&D  OOMD  1 

ATTN:  TECH  LIB  -  DRSTA-TSL 

WARREN,  MI  48090 

00KMANT2R 

US  ARMY  TANK-AUTMV  OOMD  1 

ATTN:  DRSTA-RC 

WARREN,  MI  48090 

COMMANDER 

US  MILITARY  ACADEMY 

ATTN:  CHMN,  MECH  ENGR  DEPT  1 

WEST  POINT,  NY  10996 

US  ARMY  MISSILE  OOMD 
REDSTONE  SCIENTIFIC  INFO  CTR  2 

ATTN:  DOCUMENTS  SECT,  BLDG.  4484 

REDSTONE  ARSENAL,  AL  35898 

COMMANDER 

US  ARMY  FGN  SCIENCE  &  TECH  CTR 
ATTN:  DRXST-SD  1 

220  7TH  STREET,  N.B. 

CHARLOTTESVILLE,  VA  22901 


MOTE:  PLEASE  NOTIFY  COMMANDER,  AIMAMNT  RESEARCH  AND  DEVELOPMENT  CENTER, 
US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  DRSMC-LCB-TL , 
WATBRVLIET,  NY  12189,  OF  ANY  ADDRESS  CHANGES. 


